EP 4 383 535 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 383 535 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
12.06.2024 Bulletin 2024/24

(21) Application number: 23847859.8

(22) Date of filing: 18.10.2023

(51) International Patent Classification (IPC):
HO2M 1/00 (2006.07) HO02M 7/5387 (2007.01)
GO1R 19/00 (2006.07)

(52) Cooperative Patent Classification (CPC):
Y02B 70/10

(86) International application number:
PCT/CN2023/125115

(87) International publication number:
WO 2024/088121 (02.05.2024 Gazette 2024/18)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 29.10.2022 CN 202211340732
(71) Applicant: Huawei Digital Power Technologies

Co., Ltd.
Shenzhen, Guangdong 518043 (CN)

(72) Inventors:
¢ ZHANG, Hejun
Shenzhen, Guangdong 518043 (CN)
* LU, Maoyong
Shenzhen, Guangdong 518043 (CN)
¢ HU, Yugiao
Shenzhen, Guangdong 518043 (CN)

(74) Representative: Maiwald GmbH
Engineering
Elisenhof
Elisenstrasse 3
80335 Miinchen (DE)

(54)

(57) This application provides a power converter and
a method for controlling same. The power converter in-
cludes an outputinductor, an output capacitor, afirst cur-
rent sampling circuit, a first-phase bridge arm, a sec-
ond-phase bridge arm, a third-phase bridge arm, and a
controller. Amidpoint of the first-phase bridge arm is con-
nected to a first input end of the power converter. A mid-
point of the second-phase bridge arm is connected to
one end of the output capacitor and a second input end
of the power converter. A midpoint of the third-phase
bridge arm is connected to the other end of the output
capacitor through the output inductor. The one end and
the other end of the output capacitor are connected to a
second output end and a first output end of the power
converter respectively. Both the second input end and
the second output end of the power converter are con-
nected to a neutral line. The first current sampling circuit
is disposed on a connection line between the midpoint
of the second-phase bridge arm and the one end of the
output capacitor, and is configured to collect an inductive
current of the output inductor. The controller is configured
to obtain an output current of the power converter based
on the inductive current of the output inductor. According
to this application, circuit costs of the power converter
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Pat-
ent Application No. 202211340732.6, filed with the China
National Intellectual Property Administration on October
29, 2022 and entitled " POWER CONVERTER AND
METHOD FOR CONTROLLING SAME", which is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Thisapplicationrelates to the field of power sup-
ply technologies, and in particular, to a power converter
and a method for controlling same.

BACKGROUND

[0003] Currently, inverters mainly use a circuit struc-
ture shown in FIG. 1. As shown in FIG. 1, the inverter
includes aninputfilterinductor L1, an input filter capacitor
C1, an output filter inductor L2, an output filter capacitor
C2, a bus capacitor C3, and a three-phase bridge arm
formed by switching transistors Q11, Q12, Q21, Q22,
Q31, and Q32. Additionally, the inverter is further provid-
ed with an inductive current sampling circuit (namely, Hall
Cs1)and an output current sampling circuit (namely, Hall
Cs2). When the inverter works, the inverter obtains an
inductive current of the output filter inductor L2 and an
output current of the inverter through collection per-
formed by Hall Cs1 and Hall Cs2 respectively, and con-
trols the six switching transistors in the three-phase
bridge arm based on the collected inductive current and
output current, to supply power to an alternating-current
load. In the inverter, the inductive current of the output
filter inductor L2 and the output current of the inverter
respectively are collected by the two current sampling
circuits. This manner results in high circuit costs and a
large printed circuit board (Printed Circuit Board, PCB)
area of the inverter.

SUMMARY

[0004] Thisapplication provides a power converter and
a method for controlling same, to reduce circuit costs of
the power converter and a PCB area of the power con-
verter.

[0005] According to a first aspect, this application pro-
vides a power converter. The power converter includes
an output inductor, an output capacitor, a first current
sampling circuit, a first-phase bridge arm, a second-
phase bridge arm, a third-phase bridge arm, and a con-
troller. The first-phase bridge arm, the second-phase
bridge arm, and the third-phase bridge arm are connect-
ed in parallel to each other. A midpoint of the first-phase
bridge arm is connected to a first input end of the power
converter. A midpoint of the second-phase bridge arm is
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connected to one end of the output capacitor and a sec-
ond input end of the power converter. A midpoint of the
third-phase bridge arm is connected to the other end of
the output capacitor through the output inductor. The one
end and the other end of the output capacitor are con-
nected to a second output end and a first output end of
the power converter respectively. Both the second input
end and the second output end of the power converter
are connected to a neutral line. The first current sampling
circuitis disposed on a connection line between the mid-
point of the second-phase bridge arm and the one end
of the output capacitor, and is configured to collect an
inductive current of the output inductor. The controller is
configured to: obtain the inductive current of the output
inductor, and obtain an output current of the power con-
verter based onthe inductive current. Therefore, the pow-
er converter may obtain the inductive current of the output
inductor and the output current of the power converter
through the first current sampling circuit. As a result, one
current sampling circuit for collecting the output current
can be saved, to reduce circuit costs of the power con-
verter and a PCB area of the power converter.

[0006] With reference to the first aspect, in a first pos-
sible implementation, the first current sampling circuit in-
cludes a primary winding, a secondary winding, and an
iron core. One end and the other end of the primary wind-
ing are connected to the midpoint of the second-phase
bridge arm and the one end of the output capacitor re-
spectively. Both the primary winding and the secondary
winding are coupled to theiron core. Itmay be understood
that, because the first current sampling circuit uses a
circuit structure with one primary winding and one sec-
ondary winding, the circuit costs of the power converter
and acircuit size of the power converter can be effectively
reduced.

[0007] With reference to the first aspect or the first pos-
sible implementation of the first aspect, in a second pos-
sible implementation, the controller is configured to: ob-
tain the inductive current of the output inductor when both
the second-phase bridge arm and the third-phase bridge
arm are in a working state; and obtain the output current
of the power converter based on a capacitive current of
the output capacitor and the inductive current. It may be
understood that, the power converter may calculate the
output current of the power converter based on the in-
ductive current of the output inductor and the capacitive
current of the output capacitor. As a result, one current
sampling circuit of the output current is saved, to reduce
the circuit costs of the power converter and the PCB area
of the power converter.

[0008] With reference to the second possible imple-
mentation of the first aspect, in a third possible imple-
mentation, the power converter further includes a first
switch and a second switch. The first input end of the
power converter is connected to the midpoint of the first-
phase bridge arm through the first switch. The other end
of the output capacitor is connected to the first output
end of the power converter through the second switch.
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The controller is further configured to: before both the
second-phase bridge arm and the third-phase bridge arm
are in the working state, control the first switch to be off
and the second switch to be on. It may be understood
that, when both the second-phase bridge arm and the
third-phase bridge arm are in the working state, the sec-
ond switch is controlled to be on, to ensure that the in-
ductive current of the outputinductor collected by the first
current sampling circuit includes the output current of the
power converter. Therefore, accuracy of the subsequent-
ly-calculated output current of the power converter can
be improved.

[0009] Withreference to the first aspect or the first pos-
sible implementation of the first aspect, in a fourth pos-
sible implementation, the power converter further in-
cludes a bypass branch. Two ends of the bypass branch
are connected to the first input end and the first output
end of the power converter respectively. The controller
is configured to: obtain the inductive current of the output
inductor when the bypass branch is in a working state;
and determine the inductive current as the output current
of the power converter. It may be understood that, when
the bypass branch works, the power converter may still
obtain the output current of the power converter by using
the inductive current of the output inductor collected by
the first current sampling circuit. Therefore, applicability
is high.

[0010] With reference to the fourth possible implemen-
tation ofthe firstaspect, in afifth possible implementation,
the power converter further includes a first switch and a
second switch. The first input end of the power converter
is connected to the midpoint of the first-phase bridge arm
through the first switch. The other end of the output ca-
pacitor is connected to the first output end of the power
converter through the second switch. The controller is
further configured to: before the bypass branch is in the
working state, control the first switch and the second
switch to be off. It may be understood that, when the
bypass branch works, both the first switch and the second
switch are controlled to be off, to ensure that the inductive
current of the output inductor collected by the first current
sampling circuit is the output current of the power con-
verter. Therefore, accuracy of the output current of the
power converter is improved.

[0011] Withreference to the first aspect or the first pos-
sible implementation of the first aspect, in a sixth possible
implementation, the power converter further includes an
inputinductor and a second current sampling circuit. The
firstinput end of the power converter is connected to the
midpoint of the first-phase bridge arm through the input
inductor. The second currentsampling circuit is disposed
on a connection line between the second input end of
the power converter and the midpoint of the second-
phase bridge arm, and is configured to collect an induc-
tive current of the input inductor. The controller is further
configured to obtain the inductive current of the input in-
ductor when the first-phase bridge arm is in a working
state. It may be understood that, the power converter
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may not only obtain the inductive current of the output
inductor and the output current of the power converter
through the first current sampling circuit, but also obtain
the inductive current of the input inductor through the
second currentsampling circuit. The power converter has
various functions.

[0012] With reference to the sixth possible implemen-
tation of the first aspect, in a seventh possible implemen-
tation, the power converter further includes a first switch
and a second switch. The first input end of the power
converter is connected to the midpoint of the first-phase
bridge arm through the first switch and the input inductor
in sequence. The other end of the output capacitor is
connected to the first output end of the power converter
through the second switch. The controller is further con-
figured to: before the first-phase bridge arm is in the work-
ing state, control the first switch to be on and the second
switch to be off. It may be understood that, when the first-
phase bridge arm is in the working state, the first switch
is controlled to be on and the second switch is controlled
to be off, to ensure that a current value collected by the
second current sampling circuit is the inductive current
of the inputinductor. Therefore, accuracy of the inductive
current of the input inductor can be improved.

[0013] According to a second aspect, this application
provides a method for controlling a power converter. The
power converter includes an output inductor, an output
capacitor, a first current sampling circuit, a first-phase
bridge arm, a second-phase bridge arm, a third-phase
bridge arm, and a controller. The first-phase bridge arm,
the second-phase bridge arm, and the third-phase bridge
arm are connected in parallel to each other. A midpoint
of the first-phase bridge arm is connected to a first input
end of the power converter. A midpoint of the second-
phase bridge arm is connected to one end of the output
capacitor and a second input end of the power converter.
A midpoint of the third-phase bridge arm is connected to
the other end of the output capacitor through the output
inductor. The one end and the other end of the output
capacitor are connected to a second output end and a
first output end of the power converter respectively. Both
the second input end and the second output end of the
power converter are connected to a neutral line. The first
current sampling circuit is disposed on a connection line
between the midpoint of the second-phase bridge arm
and the one end of the output capacitor, and is configured
to collect an inductive current of the output inductor. The
method includes: obtaining the inductive current of the
output inductor, and obtaining an output current of the
power converter based on the inductive current.

[0014] With reference to the second aspect, in a first
possible implementation, the first current sampling circuit
includes a primary winding, a secondary winding, and an
iron core. One end and the other end of the primary wind-
ing are connected to the midpoint of the second-phase
bridge arm and the one end of the output capacitor re-
spectively. Both the primary winding and the secondary
winding are coupled to the iron core.
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[0015] With reference to the second aspect or the first
possible implementation of the second aspect, in a sec-
ond possible implementation, the obtaining the inductive
current of the output inductor, and obtaining an output
current of the power converter based on the inductive
current includes: obtaining the inductive current of the
output inductor when both the second-phase bridge arm
and the third-phase bridge arm are in a working state;
and obtaining the output current of the power converter
based on a capacitive current of the output capacitor and
the inductive current.

[0016] With reference to the second possible imple-
mentation of the second aspect, in a third possible im-
plementation, the power converter further includes a first
switch and a second switch. The first input end of the
power converter is connected to the midpoint of the first-
phase bridge arm through the first switch. The other end
of the output capacitor is connected to the first output
end of the power converter through the second switch.
The method further includes: before both the second-
phase bridge arm and the third-phase bridge arm are in
the working state, controlling the first switch to be off and
the second switch to be on.

[0017] With reference to the second aspect or the first
possible implementation of the second aspect, in a fourth
possible implementation, the power converter further in-
cludes a bypass branch, and two ends of the bypass
branch are connected to the first input end and the first
output end of the power converter respectively. The
method further includes: obtaining the inductive current
of the output inductor when the bypass branch is in a
working state; and determines the inductive current as
the output current of the power converter.

[0018] With reference to the fourth possible implemen-
tation of the second aspect, in a fifth possible implemen-
tation, the power converter further includes a first switch
and a second switch. The first input end of the power
converter is connected to the midpoint of the first-phase
bridge arm through the first switch. The other end of the
output capacitor is connected to the first output end of
the power converter through the second switch. The
method further includes: before the bypass branch is in
the working state, controlling the first switch and the sec-
ond switch to be off.

[0019] With reference to the second aspect or the first
possible implementation of the second aspect, in a sixth
possible implementation, the power converter further in-
cludes an input inductor and a second current sampling
circuit. The first input end of the power converter is con-
nected to the midpoint of the first-phase bridge arm
through the input inductor. The second current sampling
circuit is disposed on a connection line between the sec-
ond input end of the power converter and the midpoint
of the second-phase bridge arm, and is configured to
collect an inductive current of the input inductor. The
method further includes: obtaining the inductive current
of the input inductor when the first-phase bridge arm is
in a working state.
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[0020] With reference to the sixth possible implemen-
tation of the second aspect, in a seventh possible imple-
mentation, the power converter further includes a first
switch and a second switch. The first input end of the
power converter is connected to the midpoint of the first-
phase bridge arm through the first switch and the input
inductor in sequence. The other end of the output capac-
itor is connected to the first output end of the power con-
verter through the second switch. The method further
includes: before the first-phase bridge armis in the work-
ing state, controlling the first switch to be on and the sec-
ond switch to be off.

[0021] It should be understood that mutual reference
may be made to the implementations and beneficial ef-
fects of the foregoing aspects of this application.

BRIEF DESCRIPTION OF DRAWINGS
[0022]

FIG. 1 is a schematic diagram of a structure of an
inverter according to the conventional technologies;
FIG. 2 is a schematic diagram of an application sce-
nario of a power converter according to this applica-
tion;

FIG. 3 is a schematic diagram of a structure of a
power converter according to this application;

FIG. 4a is a schematic diagram of another structure
of a power converter according to this application;
FIG. 4b is a schematic diagram of still another struc-
ture of a power converter according to this applica-
tion;

FIG. 5ais a diagram of a working principle of a power
converter according to this application;

FIG. 5b is a diagram of another working principle of
a power converter according to this application;
FIG. 6 is a schematic diagram of yet another struc-
ture of a power converter according to this applica-
tion;

FIG. 7 is a schematic diagram of still yet another
structure of a power converter according to this ap-
plication;

FIG. 8ais a diagram of a working principle of a power
converter according to this application;

FIG. 8b is a diagram of another working principle of
a power converter according to this application; and
FIG. 9 is a schematic flowchart of a method for con-
trolling a power converter according to this applica-
tion.

DESCRIPTION OF EMBODIMENTS

[0023] A power converter according to this application
can be used in a device that has a three-phase bridge
armtopology, such as aninverter, an uninterruptible pow-
er supply (Uninterruptible Power Supply, UPS), and can
be used in different application scenarios, such as a pho-
tovoltaic power supply scenario, an energy storage pow-
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er supply scenario, a UPS power supply scenario, and
the like. The following uses the UPS power supply sce-
nario as an example for description.

[0024] FIG. 2 is a schematic diagram of an application
scenario of a power converter according to this applica-
tion. In a UPS power supply scenario, the power convert-
er according to this application may be a UPS shown in
FIG. 2. An input end and an output end of the UPS are
connected to an alternating-current power grid and an
alternating-current household appliance respectively.
The UPS includes an output inductor and an output in-
ductive current sampling circuit. After the UPS starts to
operate, the UPS may collect an inductive current of the
outputinductor through the output inductive current sam-
pling circuit, and calculate a present output current of the
UPS based on the inductive current of the outputinductor.
Then, the UPS controls a three-phase bridge arm in the
UPS based on the inductive current of the output inductor
and the present output current of the UPS, to convert an
alternating-current power grid voltage that is input from
the input end of the UPS into an alternating current that
meets a power requirement of the alternating-current
household appliance. As a result, power is supplied to
various types of electric devices such as an alternating-
current load (for example, the household appliance) and
the like. It may be understood that the UPS may obtain
the output inductive current and an output current of the
UPS through the output inductive current sampling cir-
cuit. As aresult, one currentsampling circuit for the output
current can be saved, to reduce circuit costs of the UPS
and a PCB area of the UPS. The foregoing is merely an
example of the application scenario of the power con-
verter according to this application, and is not exhaustive.
The application scenarios are not limited in this applica-
tion.

[0025] The following describes a working principle of
a power converter according to this application with ref-
erence to FIG. 3 to FIG. 8b by using examples.

[0026] FIG. 3 is a schematic diagram of a structure of
apower converter according to this application. As shown
in FIG. 3, a power converter 1 includes an outputinductor
L1, an output capacitor C1, afirst current sampling circuit
Cs1, afirst-phase bridge arm 11, a second-phase bridge
arm 12, a third-phase bridge arm 13, and a controller 14.
A switching transistor Q11 and a switching transistor Q12
are connected in series to form the first-phase bridge arm
11. A switching transistor Q21 and a switching transistor
Q22 are connected in series to form the second-phase
bridge arm 12. A switching transistor Q31 and a switching
transistor Q32 are connected in series to form the third-
phase bridge arm 13. The first-phase bridge arm 11, the
second-phase bridge arm 12, and the third-phase bridge
arm 13 are connectedin parallel to each other. A midpoint
a1l of the first-phase bridge arm 11, namely, a point at
which the switching transistor Q11 and the switching tran-
sistor Q12 are connected in series, is connected to a first
input end in 11 of the power converter 1. A midpoint a2
of the second-phase bridge arm 12, namely, a point at
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which the switching transistor Q21 and the switching tran-
sistor Q22 are connected in series, is connected to one
end of the output capacitor C1 and a second input end
in12 of the power converter 1. A midpoint a3 of the third-
phase bridge arm 13, namely, a point at which the switch-
ing transistor Q31 and the switching transistor Q32 are
connected in series, is connected to the other end of the
output capacitor C1 through the output inductor L1. The
one end and the other end of the output capacitor C1 are
connectedto asecond outputend out 12 and a first output
end out 11 of the power converter 1 respectively. Both
the second input end in12 and the second output end
out12 of the power converter 1 are connected to a neutral
line. The first current sampling circuit Cs1 is disposed on
aconnection line between the midpoint a2 of the second-
phase bridge arm 12 and the one end of the output ca-
pacitor C1, and is configured to collect an inductive cur-
rent of the output inductor L1.

[0027] It should be noted that a type of the switching
transistor in the three-phase bridge arm may be a metal-
oxide-semiconductor field-effect transistor (metal-oxide-
semiconductor-Field-Effect-Transistor, MOSFET), anin-
sulated gate bipolar transistor (Insulated Gate Bipolar
Transistor, IGBT), agallium nitride (Gallium Nitride, GaN)
transistor, or the like. This is not limited in this application.
[0028] In an optional implementation, after the power
converter 1 starts to work, the controller 14 obtains the
inductive current of the output inductor L1 through the
first current sampling circuit Cs1, and obtains an output
current of the power converter 1 based on the inductive
current of the output inductor L1.

[0029] Inthisembodimentofthis application, the power
converter 1 may obtain the inductive current of the output
inductor L1 and the output current of the power converter
1 through the first current sampling circuit Cs1. As a re-
sult, one current sampling circuit for collecting the output
current can be saved, to reduce circuit costs of the power
converter 1 and a PCB area of the power converter 1.
[0030] FIG.4aisaschematic diagram of another struc-
ture of a power converter according to this application.
As shown in FIG. 4a, a power converter 1 includes an
output inductor L1, an output capacitor C1, a first current
sampling circuit Cs1, a first-phase bridge arm 11, a sec-
ond-phase bridge arm 12, a third-phase bridge arm 13,
a controller 14, a bus capacitor C2, a first switch S1, and
a second switch S2. The bus capacitor C2 is connected
in parallel to two ends of the first-phase bridge arm 11.
Afirstinput end in11 of the power converter 1 is connect-
ed to a midpoint a1 of the first-phase bridge arm 11
through the first switch S1. The other end of the output
capacitor C1 is connected to a first output end out 11 of
the power converter 1 through the second switch S2. For
specific connection relationships of circuit elements in
the power converter 1 other than the bus capacitor C2,
the first switch S1, and the second switch S2, refer to
corresponding descriptions of the power converter 1
shown in FIG. 3. Details are not described herein again.
It should be noted that, both the first input end in11 and
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the first output end out11 of the power converter 1 are
connected to alive line, and both a second inputend in12
and a second output end out12 of the power converter 1
are connected to a same neutral line. On this basis, it
may be learned that the first current sampling circuit Cs1
is located on the neutral line.

[0031] The first current sampling circuit Cs1 may use
a circuit structure with a primary winding and a secondary
winding. For details, refer to a power converter 1 shown
in FIG. 4b. As shown in FIG. 4b, the first current sampling
circuit Cs1 includes a primary winding Np, a secondary
winding Ns, and an iron core T. One end and the other
end of the primary winding Np are connected to a mid-
point a2 of the second-phase bridge arm 12 and one end
of the output capacitor C1 respectively. Both the primary
winding Np and the secondary winding Ns are coupled
to the iron core T.

[0032] Inan optional implementation, after an alternat-
ing-current voltage is applied to the first input end in11
and the second input end in12 of the power converter 1,
the controller 14 controls the first switch S1 to be in an
on state and the second switch S2 to be in an off state.
Atfter the first switch S1 is in the on state and the second
switch S2 is in the off state, the controller 14 controls the
first-phase bridge arm 11 to be in a working state, so that
the bus capacitor C2 is in a charging state. Then, after a
voltage of the bus capacitor C2 reaches a first voltage,
the controller 14 controls the first-phase bridge arm 11
to stop working, and controls the first switch S1 to be in
an off state. For a specific implementation in which the
first-phase bridge arm 11 is in the working state, refer to
descriptions in subsequentembodiments. Details are not
described herein.

[0033] Then, the controller 14 controls the second
switch S2 to be on. After the first switch S1 is in the off
state and the second switch S2 is in an on state, the
controller 14 controls two switching transistors located
diagonally in the second-phase bridge arm 12 and the
third-phase bridge arm 13 to be both on, and two switch-
ing transistors in each of the second-phase bridge arm
12 and the third-phase bridge arm 13 to be complemen-
tarily on, so that both the second-phase bridge arm 12
and the third-phase bridge arm 13 are in a working state.
Specifically, the controller 14 controls a switching tran-
sistor Q21 to be off, a switching transistor Q22 to be on,
a switching transistor Q31 to be on, and a switching tran-
sistor Q32 to be off for first preset duration. In the first
preset duration, the output inductor L1 is in a charging
state. As shown in FIG. 5a, a current flows out of the bus
capacitor C2 and passes through the switching transistor
Q31 and the output inductor L1 in sequence. After the
current passes through the output inductor L1, one part
of the current flows through the output capacitor C1, and
the other part of the current flows through an alternating-
current load connected to the output end of the power
converter 1. Then, both the two parts of the current flow
through the first current sampling circuit Cs1 and the
switching transistor Q22 in sequence, and subsequently
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flow into the bus capacitor C2. After the switching tran-
sistors Q31 and Q22 are on and the switching transistors
Q21 and Q32 are off for the first preset duration, the con-
troller 14 controls the switching transistor Q21 to be on,
the switching transistor Q22 to be off, the switching tran-
sistor Q31 to be off, and the switching transistor Q32 to
be on for second preset duration. In the second preset
duration, the output inductor L1 is in a discharging state.
As shown in FIG. 5b, because a direction of the inductive
current cannot abruptly change, after a current flows out
of the output inductor L1, one part of the current flows
through the output capacitor C1, and the other part of the
current flows through the alternating-current load con-
nected to the output end of the power converter 1. Then,
both the two parts of the current flow through the first
current sampling circuit Cs1, a parasitic diode of the
switching transistor Q21, the bus capacitor C2, and a
parasitic diode of the switching transistor Q32 in se-
quence, and subsequently flow into the output inductor
L1. The first preset duration and the second preset du-
ration form a working period of the second-phase bridge
arm 12 and the third-phase bridge arm 13. In the working
period, both the second-phase bridge arm 12 and the
third-phase bridge arm 13 are in the working state.
[0034] When both the second-phase bridge arm 12
and the third-phase bridge arm 13 are in the working
state, the controller 14 sends a current obtaining instruc-
tion to the first current sampling circuit Cs1. The first cur-
rent sampling circuit Cs1 sends a current at two ends of
the secondary winding Ns, that is, the inductive current
of the output inductor L1, to the controller 14 according
to the received current obtaining instruction. When both
the second-phase bridge arm 12 and the third-phase
bridge arm 13 are in the working state, and the first switch
S1 is off and the second switch S2 is on, one part of the
currentflowing out of the outputinductor L1 flows through
the output capacitor C1, and the other part of the current
flows through the alternating-current load connected to
the output end of the power converter 1. Therefore, the
inductive current of the output inductor L1 collected by
the first current sampling circuit Cs1 includes two parts:
a capacitive current of the output capacitor C1 and an
output current of the power converter 1. The controller
14 obtains a voltage of the output capacitor C1, and cal-
culates the capacitive current of the output capacitor C1
based on the voltage of the output capacitor C1, to cal-
culate the output current of the power converter 1 by sub-
tracting the capacitive current of the output capacitor C1
from the inductive current of the output inductor L1 col-
lected by the first current sampling circuit Cs1.

[0035] Inthisembodimentofthis application, the power
converter 1 may obtain the inductive current of the output
inductor L1 through the first current sampling circuit Cs1,
and calculate the output current of the power converter
1 based on the inductive current of the output inductor
L1 and the capacitive current of the output capacitor C1.
As aresult, one current sampling circuit for collecting the
output current can be saved, to reduce circuit costs of
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the power converter 1 and a PCB area of the power con-
verter 1.

[0036] FIG. 6 is a schematic diagram of yet another
structure of a power converter according to this applica-
tion. As shown in FIG. 6, compared with the power con-
verter 1 shown in FIG. 4a, a power converter 1 shown in
FIG. 6 has an additional bypass branch 15. The bypass
branch 15 includes reverse blocking triode thyristors VT1
and VT2. A cathode of the reverse blocking triode thyr-
istor VT1is connected to an anode ofthe reverse blocking
triode thyristor VT2 to form one end of the bypass branch
15. An anode of the reverse blocking triode thyristor VT1
is connected to a cathode of the reverse blocking triode
thyristor VT2 to form the other end of the bypass branch
15. The one end and the other end of the bypass branch
15 are connected to afirstinputendin11 and afirst output
end out11 of the power converter 1 respectively. For cir-
cuit elements other than the bypass branch 15 and con-
nection relationships between the circuit elements other
than the bypass branch 15, refer to descriptions of the
power converter 1 shown in FIG. 4a and FIG. 4b. Details
are not described herein again.

[0037] Inadditiontoaninversion mode, the power con-
verter 1 may further work in a bypass mode. In this em-
bodiment, a specific implementation of determining an
output current of the power converter 1 when the power
converter 1 works in the inversion mode is not described
again. For details, refer to a corresponding description
ofthe power converter 1 showninFIG. 4a. Thatthe power
converter 1 works in the inversion mode means that both
a second-phase bridge arm 12 and a third-phase bridge
arm 13 are in a working state, and a first switch S1 is in
an off state and a second switch S2 is in an on state.
[0038] In an optional implementation, a controller 14
controls the first switch S1 and the second switch S2 to
be both off, and controls the reverse blocking triode thy-
ristor VT2 to be conducted, so that the power converter
1 is in the bypass mode. When the power converter 1 is
in the bypass mode, a current flows in from the first input
end in11 of the power converter 1, then flows through
the reverse blocking triode thyristor VT2, the first output
end out11 of the power converter 1, an alternating-cur-
rent load connected to the power converter 1, a second
output end out12 of the power converter 1, and a first
current sampling circuit Cs1 in sequence, and flows into
a second input end in12 of the power converter 1.
[0039] After the power converter 1 is in the bypass
mode, a controller 14 sends a current obtaining instruc-
tion to the first current sampling circuit Cs1. The first cur-
rent sampling circuit Cs1 sends a current at two ends of
a secondary winding Ns, that is, a collected inductive
current of an output inductor L1, to the controller 14 ac-
cording to the received current obtaining instruction.
When the power converter 1 is in the bypass mode, the
current flowing out of the output inductor L1 passes
through only the alternating-current load connected to
the output end of the power converter 1. Therefore, the
controller 14 determines the obtained inductive current
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of the output inductor L1 as the output current of the pow-
er converter 1, where the inductive current of the output
inductor L1 is collected by the first current sampling circuit
Csi.

[0040] Inthisembodimentofthis application, the power
converter 1 may obtain the inductive current of the output
inductor L1 through the first current sampling circuit Cs1,
and calculate the output current of the power converter
1 based on the inductive current of the output inductor
L1 and a capacitive current of an output capacitor C1.
As aresult, one current sampling circuit for collecting the
output current can be saved, to reduce circuit costs of
the power converter 1 and a PCB area of the power con-
verter 1.

[0041] FIG.7is aschematic diagram of still yet another
structure of a power converter according to this applica-
tion. As shown in FIG. 7, compared with the power con-
verter 1 shown in FIG. 6, a power converter 1 shown in
FIG. 7 has an additional input inductor L2, an additional
input capacitor C3, and an additional second current
sampling circuit Cs2. A first input end in11 of the power
converter 1 is connected to a midpoint a1 of a first-phase
bridge arm 11 through a first switch S1 and the input
inductor L2 in sequence. Two ends of the input capacitor
C3 are connected to the firstinputend in11 and a second
input end in12 of the power converter 1 respectively. The
second current sampling circuit Cs2 is disposed on a
connection line between the second inputend in12 of the
power converter 1 and a midpoint a2 of a second-phase
bridge arm 12, and is configured to collect an inductive
current of the inputinductor L2. For circuit elements other
than the input inductor L2, the input capacitor C3, and
the second current sampling circuit Cs2, and connection
relationships between the circuit elements other than the
input inductor L2, the input capacitor C3, and the second
current sampling circuit Cs2, refer to descriptions of the
power converter 1 shown in FIG. 6. Details are not de-
scribed herein again.

[0042] The second current sampling circuit Cs2 may
use a current sensor that has a circuit structure the same
as that of a first current sampling circuit Cs1, namely, a
current sensor that has a primary winding and a second-
ary winding, or may use a current sensor that has a circuit
structure different from that of a first current sampling
circuit Cs1. This is not limited in this application.

[0043] Inan optional implementation, after an alternat-
ing-current voltage is applied to the first input end in11
and the second input end in12 of the power converter 1,
a controller 14 controls the first switch S1 to be in an on
state and a second switch S2 to be in an off state. After
the first switch S1isin the on state and the second switch
S2is in the off state, the controller 14 controls switching
transistors Q11 and Q12 of the first-phase bridge arm 11
to be complementarily connected, so that the first-phase
bridge arm 11 is in a working state. Specifically, the con-
troller 14 controls the switching transistor Q12 to be on
for third preset duration. In the third preset duration, the
input inductor L2 is in a charging state. As shown in FIG.
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8a, after a current flows in from the first input end in11
of the power converter 1, one part of the current flows
through the input inductor L2, and the other part of the
current flows through the input capacitor C3. After flowing
out of the input inductor L2, the one part of the current
that flows through the input inductor L2 flows through the
switching transistor Q12, a parasitic capacitor of a switch-
ing transistor Q22, and the second current sampling cir-
cuit Cs2 in sequence, and subsequently flows into the
second input end in12 of the power converter 1. After the
switching transistor Q22 is on for the third preset duration,
the controller 14 controls the switching transistor Q11 to
be on for fourth preset duration. In the fourth preset du-
ration, the inputinductor L2 is in a discharging state. Spe-
cifically, the input inductor L2 discharges power to a bus
capacitor C2. As shown in FIG. 8b, because a direction
of the inductive current cannot abruptly change, after a
currentflows outofthe inputinductor L2, the current flows
through a parasitic diode of the switching transistor Q11,
the bus capacitor C2, the parasitic diode of the switching
transistor Q22, and the second current sampling
circuitCs2 in sequence, and subsequently flows into the
second inputend in12 of the power converter 1. The third
preset duration and the fourth preset duration form a
working period of the first-phase bridge arm 11. In the
working period, the first-phase bridge arm 11 is in the
working state.

[0044] When the first-phase bridge arm 11 is in the
working state, the controller 14 sends a current obtaining
instruction to the second current sampling circuit Cs2.
The second current sampling circuit Cs2 starts to collect
the inductive current of the input inductor L2, and sends
the collected inductive current of the input inductor L2 to
the controller 14, according to the received current ob-
taining instruction. When the first-phase bridge arm 11
is in the working state, and the first switch S1 is on and
the second switch S2 is off, a current flowing through the
second current sampling circuit Cs2 is the current of the
inputinductor L2. Therefore, a current value collected by
the second current sampling circuit Cs2 is the inductive
current of the input inductor L2.

[0045] Then, after a voltage of the bus capacitor C2
reaches a first voltage, the controller 14 controls the first-
phase bridge arm 11 to stop working, and controls the
first switch S1 to be off. After the first-phase bridge arm
11 stops working and the first switch S1 is in an off state,
the controller 14 controls the second switch S2 to be on.
Atfter the first switch S1 is in the off state and the second
switch S2 are in an on state, the controller 14 controls
both the second-phase bridge arm 12 and the third-phase
bridge arm 13 to be in a working state. When both the
second-phase bridge arm 12 and the third-phase bridge
arm 13 are in the working state, the controller 14 sends
acurrentobtaininginstruction to the first current sampling
circuit Cs1. The first current sampling circuit Cs1 starts
to collect an inductive current of an output inductor L1
and sends the inductive current of the outputinductor L1
to the controller 14, according to the received current
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obtaining instruction. The controller 14 obtains a voltage
of an output capacitor C1, and calculates a capacitive
current of the output capacitor C1 based on the voltage
of the output capacitor C1, to calculate an output current
of the power converter 1 by subtracting the capacitive
current of the output capacitor C1 from the inductive cur-
rent of the output inductor L1 collected by the first current
sampling circuit Cs1.

[0046] In addition, when the power converter 1 isin a
bypass mode, that is, both the first switch S1 and the
second switch S2 are off, and a reverse blocking triode
thyristor VT1 or a reverse blocking triode thyristor VT2
is conducted, the power converter 1 may obtain the out-
put current of the power converter 1 through the first cur-
rent sampling circuit Cs1. For a specific implementation
of obtaining the output current of the power converter 1
when the power converter 1 is in the bypass mode, refer
to corresponding descriptions of the power converter 1
shown in FIG. 6. Details are not described herein again.
[0047] Inthisembodimentofthis application, the power
converter 1 may obtain the inductive current of the output
inductor L1 through the first current sampling circuit Cs1,
and calculate the output current of the power converter
1 based on the inductive current of the output inductor
L1 and the capacitive current of the output capacitor C1.
As aresult, one current sampling circuit for collecting the
output current can be saved, to reduce circuit costs of
the power converter 1 and a PCB area of the power con-
verter 1.

[0048] FIG. 9is a schematic flowchart of a method for
controlling a power converter according to this applica-
tion. The method for controlling a power converter ac-
cording to this embodiment of this application is applica-
ble to the controller 14 in the power converter 1 shown
in FIG. 3 to FIG. 8b. The method for controlling a power
converter may include the following steps.

[0049] S101: Obtain an inductive current of an output
inductor.

[0050] Inanoptionalimplementation, when both a sec-
ond-phase bridge arm and a third-phase bridge arm are
in a working state, a controller in the power converter
obtains the inductive current of the output inductor.
[0051] In another optional implementation, when a by-
pass branch is ina working state, a controller in the power
converter obtains the inductive current of the output in-
ductor.

[0052] S102: Obtain an output current of the power
converter based on the inductive current.

[0053] In an optional implementation, the controller in
the power converter obtains the output current ofthe pow-
er converter based on a capacitive current of an output
capacitor and the inductive current of the outputinductor,
where the inductive current of the output inductor is ob-
tained when both the second-phase bridge arm and the
third-phase bridge arm are in the working state.

[0054] In another optional implementation, the control-
ler in the power converter determines the inductive cur-
rent of the output inductor as the output current of the
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power converter, where the inductive current of the out-
put inductor is obtained when the bypass branch is in the
working state.

[0055] In specificimplementation, for more operations
performed by the controller in the method for controlling
a power converter according to this application, refer to
the implementations performed by the controller 14 in
the power converter 1 shownin FIG. 3 to FIG. 8b. Details
are not described herein again.

[0056] Inthisembodimentofthis application, the power
converter may obtain the inductive current of the output
inductor through a first current sampling circuit, and cal-
culate the output current of the power converter based
on the inductive current of the output inductor and the
capacitive current of the output capacitor. As a result,
one current sampling circuit for collecting the output cur-
rent can be saved, to reduce circuit costs of the power
converter and a PCB area of the power converter.
[0057] The foregoing descriptions are merely specific
implementations of this application, but are not intended
to limit the protection scope of this application. Any var-
iation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this application shall fall within the protection scope of
this application. Therefore, the protection scope of this
application shall be subject to the protection scope of the
claims.

Claims

1. A power converter, wherein the power converter
comprises an output inductor, an output capacitor,
a first current sampling circuit, a first-phase bridge
arm, a second-phase bridge arm, a third-phase
bridge arm, and a controller;

the first-phase bridge arm, the second-phase
bridge arm, and the third-phase bridge arm are
connected in parallel to each other;

a midpoint of the first-phase bridge arm is con-
nected to afirstinputend of the power converter,
a midpoint of the second-phase bridge arm is
connected to one end of the output capacitor
and a second input end of the power converter,
and a midpoint of the third-phase bridge arm is
connected to the other end of the output capac-
itor through the output inductor;

the one end and the other end of the output ca-
pacitor are connected to a second output end
and a first output end of the power converter
respectively;

both the second inputend and the second output
end of the power converter are connected to a
neutral line;

the first current sampling circuit is disposed on
a connection line between the midpoint of the
second-phase bridge arm and the one end of
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the output capacitor, and is configured to collect
an inductive current of the output inductor; and
the controller is configured to: obtain the induc-
tive current of the output inductor, and obtain an
output current of the power converter based on
the inductive current.

The power converter according to claim 1, wherein
the first current sampling circuit comprises a primary
winding, a secondary winding, and an iron core; one
end and the other end of the primary winding are
connected to the midpoint of the second-phase
bridge arm and the one end of the output capacitor
respectively; and both the primary winding and the
secondary winding are coupled to the iron core.

The power converter according to claim 1 or 2,
wherein the controller is configured to: obtain the in-
ductive current of the output inductor when both the
second-phase bridge arm and the third-phase bridge
arm are in a working state; and obtain the output
current of the power converter based on a capacitive
current of the output capacitor and the inductive cur-
rent.

The power converter according to claim 3, wherein
the power converter further comprises a first switch
and a second switch, the first input end of the power
converter is connected to the midpoint of the first-
phase bridge arm through the first switch, and the
other end of the output capacitor is connected to the
first output end of the power converter through the
second switch; and

the controller is further configured to: before both the
second-phase bridge arm and the third-phase bridge
arm are in the working state, control the first switch
to be off and the second switch to be on.

The power converter according to claim 1 or 2,
wherein the power converter further comprises a by-
pass branch, and two ends of the bypass branch are
connected to the first input end and the first output
end of the power converter respectively; and

the controller is configured to: obtain the inductive
current of the output inductor when the bypass
branch is in a working state; and determine the in-
ductive current as the output current of the power
converter.

The power converter according to claim 5, wherein
the power converter further comprises a first switch
and a second switch, the first input end of the power
converter is connected to the midpoint of the first-
phase bridge arm through the first switch, and the
other end of the output capacitor is connected to the
first output end of the power converter through the
second switch; and

the controller is further configured to: before the by-
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pass branch is in the working state, control the first
switch and the second switch to be off.

A method for controlling a power converter, wherein
the power converter comprises an output inductor,
an output capacitor, a first current sampling circuit,
a first-phase bridge arm, a second-phase bridge
arm, a third-phase bridge arm, and a controller; the
first-phase bridge arm, the second-phase bridge
arm, and the third-phase bridge arm are connected
in parallel to each other; a midpoint of the first-phase
bridge arm is connected to a first input end of the
power converter, a midpoint of the second-phase
bridge arm is connected to one end of the output
capacitor and a second input end of the power con-
verter, and a midpoint of the third-phase bridge arm
is connected to the other end of the output capacitor
through the output inductor; the one end and the oth-
er end of the output capacitor are connected to a
second outputend and a first output end of the power
converter respectively; both the second input end
and the second output end of the power converter
are connected to a neutral line; and the first current
sampling circuit is disposed on a connection line be-
tween the midpoint of the second-phase bridge arm
and the one end of the output capacitor, and is con-
figured to collect an inductive current of the output
inductor; and

the method comprises:

obtaining the inductive current of the output inductor,
and obtaining an output current of the power con-
verter based on the inductive current.

The method according to claim 7, wherein the first
current sampling circuit comprises a primary wind-
ing, a secondary winding, and an iron core; one end
and the other end of the primary winding are con-
nected to the midpoint of the second-phase bridge
arm and the one end of the output capacitor respec-
tively; and both the primary winding and the second-
ary winding are coupled to the iron core.

The method according to claim 7 or 8, wherein the
obtaining the inductive current of the output inductor,
and obtaining an output current of the power con-
verter based on the inductive current comprises:

obtaining the inductive current of the output in-
ductor when both the second-phase bridge arm
and the third-phase bridge arm are in a working
state; and

obtaining the output current of the power con-
verter based on a capacitive current of the output
capacitor and the inductive current.

10. The method according to claim 9, wherein the power

converter further comprises a first switch and a sec-
ond switch, the first input end of the power converter
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10

1.

12.

is connected to the midpoint of the first-phase bridge
arm through the first switch, and the other end of the
output capacitor is connected to the first output end
of the power converter through the second switch;
and

the method further comprises:

before both the second-phase bridge arm and the
third-phase bridge arm are in the working state, con-
trolling the first switch to be off and the second switch
to be on.

The method according to claim 7 or 8, wherein the
power converter further comprises a bypass branch,
and two ends of the bypass branch are connected
to the first input end and the first output end of the
power converter respectively; and

the obtaining the inductive current of the output in-
ductor, and obtaining an output current of the power
converter based on the inductive current comprises:
obtaining the inductive current of the output inductor
when the bypass branch is in a working state; and
determining the inductive current as the output cur-
rent of the power converter.

The method according to claim 11, wherein the pow-
er converter further comprises a first switch and a
second switch, the first input end of the power con-
verter is connected to the midpoint of the first-phase
bridge arm through the first switch, and the other end
of the output capacitor is connected to the first output
end of the power converter through the second
switch; and

the method further comprises:

before the bypass branch is in the working state,
controlling the first switch and the second switch to
be off.
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